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MAMMALIAN MIXED LYMPHOCYTE RECEPTORS. CHEMOKINE RECEPTORS (MMLR-CCR] 
TECHNICAL FIELD 

The present invention relates generally to the Held of molecular biology and specifically 
to novel nucleotide and amino acid sequences of two chemokine receptors. The present invention 
further relates to the use of the novel nucleotide and amino acid sequences disclosed herein in the 
diagnosis and treatment of disease. 

BACKGROUND ART 

The chemokines are small, chemotactic polypeptides, generally about 70-100 ammo acids 
in length 8-1 1 kD in molecular weight and active over a 1 -100 ng/ml concentration range, that 
mediate the miration of leukocytes toward sites ofinfection. Initially, they were isolated and 
purified from inilamed tissues and characterized relauve to their bioactivitv. More recently, 
chemokines have been discovered through molecular cloning techniques and characterized by 
structural as well as functional analysis. 

The chemokines are related through both primary structure and the presence of a cysteine 
motif which is based primarily on the spacing of the first two cysteine residues ,n the mature 
molecule. Currently the chemokines are assigned to one of two families, the C-X-C chemokines 
(a) and the C-C chemokines (B). Although exceptions exist, the C-X-C chemokines generally 
activate neutrophils and fibroblasts while the C-C chemokines act on a more diverse group of 
target cells which include monocytes/macrophages, basophils, eosinophils. T lymphocytes and 
others. The C-X-C class includes melanoma growth-stimulating activity (MGSA). interlcukin-8 
(IL-8) and neutrophil-activa.ing peptide 2 (NAP-2). The C-C class includes RANTES 
(Regulated on Activation. Normal T Expressed and Secreted), macrophage inflammatory prote.n- 
1 a and - ! C (MIP- lo and -IB) and monocyte chemotactic protein- 1 (MCP-1). 

MCP-1 is a potent and specific monocyte agonist and chemoattractant that is produced by 
endothelial cells, smooth muscle cells, and macrophages in response to mediators including 
platelet-derived growth factor, tumor necrosis factor «. ^polysaccharide and oxidized low 
density lipoproteins. MCP-1 has been implicated in mediating monocytic infiltration of tissues in 
inflammatory diseases, such as rheumatoid arthritis, alveolitis, atherosclerosis, and macrophage 
infiltration of tumors where it may be involved in the suppression of tumor growth in animal 
models (Charo (1994) Proc Natl Acad Sci 91 :2752-2756). Charo (supra) reports that monocyte 
invasion in the artery wall is a critical event in the initiation of atherosclerosis and that MCP-1 is 
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Knowntoimeract^G-bindingproteiasmrhodopsin. Chare (sup^s^stha, this do.ain 
roa y medi.te aspects of G-protein activation — to receptors for C-C chemokme, 

The discovery of new chemokine receptors associated with m onocyte/macropha B e 
chemotaxis w.l. provide the basis for the development of new methods for screening for 
adulators of receptor activ.ty and will aid in the development of diagnostic and therapeutic 
agentsf or inflammation, infectionand conditions associated with abnorma. proliferation of cel.s. 
DISCLOSURE OF THE INVENTION 
The present invention re.ates to a novel chemokine receptor, designated herein as MMLR- 
CCR The nucleotide sequence encodingMMLR-CCR was found among the sequences of a 
cDNA library made from plastic adherent mononuclear cel. scoHected on day two of atwo-way 
.ixediymphocytcCML^cultuxe. 

receptor, designated herein as MPHG-CCR. The nuc.eotide sequence encodmg MPHG-CCR 
was found among the sequences of a cDNA library made from p.astic adherent (two hour culture) 
m0 nonuc.ear cel., The present invention relates to the use of the nucleotide and ammo acd 
sequences forthe two chemokine receptors disclosed herein in the study, diagnos.s and treatment 
of disease states in which norma! leukocyte functioning is perturbed by either norma! 
.eukopoiesU or by inappropriate activation via chemokine agonists or antagonists, such as ,n 
infection, inflammation, probative disease, tumorigenesis, and cardiovascular d.sease. 

The present invention also re.ates to the use of mmlr-ccr and mphg-ccr and geneUcaHy 
, en g ineeredhostce. 1 sthatex P ressMMLR-CCRandMPHG-CCRtoeva.ua,e, S creenandident,fy 

„ the naturaHy occurring, bio.ogica. .igand, i.e. chemokine, in appropriate ce.lular supematants 
and 2) substance, compounds or synthetic drugs that modulate receptor activate by 
modulating receptor/.igand binding, thereby modulating signal transduction event, Such 
genetical.y engineered host cells cou.d be used, for example, to screen peptide librar.es or 

5 organic molecules capable of modulating receptor/ligand binding. 

The present invention is based in part on the amino acid homology that MMLR-CCR 
shares with the MCP-1 CCR-2 chemokine receptor. MCP-1 RB. disclosed in GenBank, NCB! g,: 
472558 (Charo. supra) and the amino acid homology that MPHG-CCR shares with C-C 
chemokine receptor 3 ( g 88.570) and MCP-1RA receptor ( B 472556) disclosed in Charo (supra). 

,0 in particular, MMLR-CCR contains the conserved amino acid sequence IFFHLLTIDRYLAV 

VHAVFAL(K/R)ARTVFGV found in the third transmembrane domain and second intracellular 
' ,oop of chemokine receptors which in the corresponding region of rhodopsin is known to 

participate in G-protein binding, suggesting that this domain may mediate aspects of G-prote,n 
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r r chemokines. There is one conserved amino acid 
activation common to receptors for C-C chemoKines. 

activation MMLR-CCR which is valine 

substitution in the G-prote.n binding domain at position 

u , mm „ne diseases such as myasthenia gravis, d.abetes and 

associated with such disease states. hnnrma , 
T, MPHG CCR pr.v,d= ft. b«ls for prote which «, be «d d^o.uc.H, » d e »« 

The present invention also relates, in part, to express 

for ia^S. or to Producuon of the nucleotide sequences. 

Additional the present invention relates to the use of a MMLR-CCR o CC * 
Addition, y. P ^ to screen for or 

10 P^-fra^^ 

inhibitors of the chemokine receptors which can oe u 
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the basis for phannaceuucal compositions for the treatment of disease states associated with 
reC e P tor activation, such as inflammation. Chemokine receptor antisense molecules may be used 
to down.regu.ate the presence of the receptor on the cell surface in conditions where ,t ,s 
preferable to decrease receptor signaling. Alternatively, antagonists of the chemokme 
receptor/ligand interaction may be used to block receptor/ligand binding in diseases or cond.ttons 
where it is preferable to block or reduce receptor activation, i.e.. signat transduction events which 
iead to infiltration/chemotaxis. and a variety of other second messenger mediated cellular events. 
Alternatively, mmlr-ccr or mphg-ccr sense molecules may be used to up-regulate the presence of 
the receptor and MMLR-CCR or MPHG-CCR agonists may be used to enhance receptor 
activation thereby enhancing signal transduction events in conditions where it is desirable to 
increase chemotaxis and other second messenger mediated ce.lu.ar events. Such mo.ecu.es 
capable of modulating receptor activity can be admimstered a.one or in combination with other 
therapeutics for the treatment of diseases. 

The invention further provides diagnostic assays and kits for the detection of MMLR- 
CCR or MPHG-CCR in cells and tissues comprising one of the purif.ed receptors which may be 
used as a positive control, and anti-receptor antibodies. Such antibodies may be used in solutum- 
based. membrane-based, or tissue-based technologies to detect any disease state or cond.fon 
related to the expression of protein or expression of deletions or variants thereof. 

BRIEF DESCRIPTION OF DRAWINGS 
Figures IA-D display the polynucleotide (SEQ ID NO:l) and deduced amino acid (SEQ 
ID NO:2) sequence for MMLR-CCR. The conserved sequence IFFIILLTIDRYLAV 
VHAVFAL(K/R)ARTVFGV begins at amino acid residue 107. 

Figures 2A-B display the amino acid a.ignment of MMLR-CCR and the MCP-1 receptor 
(Charo, supra). Sequences shown in this Figure and Figure 7 were produced using the 
multisequence alignment program of DNASTAR software (DNASTAR .nc. Madison WI). 

Figure 3 displays an analysts of the hydrophobic^ characteristics of MMLR-CCR based 
on the predicted amino acid sequence. 

Figure 4 displays the isoelectric point for MMLR-CCR [ P l=9.69] as determined by 

MacDNAsis. 

Figure 5 displays the results of northern blot analysis using Incyte Clone 478861 which 
encodes MMLR-CCR, as a probe. 

Figures 6A-C display the polynucleotide (SEQ ID NO:3) and deduced amino acid (SEQ 
ID NO:4) sequence for MPHG-CCR. 
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Figures 7A-B display the amino acid a.ignmen* of MPHG-CCR with «he C-C chemokine 

receptor (GI 881570). , M «jrrrRh«d 
Figure 8 displays an analysis of the hydrophobicity characenst.es of MPHG-CCR based 

on the predicted amino acid sequence. 

Figure 9 displays the isoe.ectric point for MPHG-CCR as determ.ned by MacDNAsis. 
The results indicate that the isoelectric point [ P I] for MPHG-CCR is 7.63. 

MODES FOR CARRYING OUT THE INVENTION 
The present invention re.ates to a nove. chemokine receptor, designated herein as MMLR- 
CCR. the nuclide seouence of which was initia.ly found among the sequences of a cDNA 
libraI y made from mononuclear cells collected on day two of a mixed .ymphocyte (MLR) 
cu.ture. The present invention also re.ates to a nove. chemokine receptor, designated herem as 
MPHG-CCR. the nucleotide sequence of which was mitial.y found among the sequences of a 
cONA library made from mononuclear cel.s. The present invention re.ates to the use of the 

disease states in which norma, leukocyte functioning is perturbed by eUher by norma. 
Uropoiesis or by inappropriate activation v.achemoktne agonists or antagon.sts. such as ,n 
infect! 

The present invention also relates to the use of MMLR-CCR and MPHG-CCR and 
genetically engineered host cells that express MMLR-CCR and MPHG-CCR to evaluate, ^^J^ 
Ld identify ,)thenatura,.y occurring, bio.ogica, li g and, i.e. chemokines. ,n appropnate cel.u.ar 

by modu.ating receptor/ligand binding, thereby modulating signa, —on events. 

ation 

.dimlunomodu.atio,— sequences for "^^"^ZT 
oocyte reaction. Represent invention isa.so based in part on the presence onuc.oude 
sequences encoding MPHG-CCR in random samples of 7749 usable sequences ^ ^ 

^nucleotide repeats, con— 

funner based in pan on the amino acid homology that MMLR-CCR shares wth the known MCP 
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, chemokine receptor. MCP-.RB (GenBank accession number gi: 472558). and the presence of 

that MPHG-CCR shares with CC chemokine receptor 3 and MCP-1RA. 

The present invention therefore is based upon the identification of novel chemokme 
receptors. MMLR-CCR and MPHG-CCR, that are associated with disease states in which norma, 

by chemokine agonists or antagonists, such as in infection, inflammation, pro.tferative d.seases. 
tU mori e enesi S andc a rdiovasc U lardis ea se.inc,udin g rheumatoidarthritis;alveohns; 
atherosclerosis; chronic granu.omatous disease (characterized by an extensive mflammatory 
reaction); asthma; autoimmune d.seases. such as. myasthenia gravis, diabetes and infiammatory 
bowe . disease; toxic shock syndrome; septic shock; Chediak-Higashi syndrome (charactenzed by 
decreased microbicida. killing); and conditions associated with abnormal prohferation of cel.s, 

such as tumorigenesis. 

-Nucleic acid sequence" as used herein refers to an o.igonucleotide. nucleotide or 
polynucleotide sequence, and fragments or portions thereof, and to DNA or RN A of genomic or 
^nthetic origin which may be double-stranded or smg.e-stranded. whether represent the sense 
o^r antisense strand. As used herein "amino acid sequence" refers to peptide or protein sequences 
or portions thereof. As used herein, lower case "mmlr-ccr" or "mphg-ccr" refers to a nucleic acid 

"luiuti R rCR" and "MPHG-CCR" refers to a protein sequence, 
sequence whereas upper case MMLR-CCR ana ivir 

As used herein, peptide nucleic acid (PNA) refers to a class of informational molecules that have 
a neutral "peptide like" backbone with nuc.eobascs that allow molecules to hybridize to 
complementary DNA or RNA with higher affinity and specificity than correspond 
oligonucleotides (PerSeptive Biosystems 1-800-899-5858). 

As used herein. MMLR-CCR and MPHG-CCR encompasses MMLR-CCR and MPHG- 
CCR respectively, from any mammalian species, including bovine, ovine, murine, porcine, 
equine and preferably human sources, in naturally occurring or in variant form, or from any 
source, whether natural, synthetic, semi-synthetic or recombinant. 

As used herein, "naturally occurring" refers to a MMLR-CCR or MPHG-CCR with an 
amino acid sequence found in nature, and "biologically active" refers to MMLR-CCR or MPHG- 
, CCR having structural, regulatory or biochemical functions of the naturally occumng receptors. 

As used herein, "immunological activity" is defined as the capability of the natural, recombmant 
' or synthetic MMLR-CCR or MPHG-CCR or any oligopeptide thereof, to induce a spec.fic 
immune response in appropriate animals or cells and to bind with specific ant.bodtes. 
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or. MPHG-CCR. M^rf^^c^isM^^^^-ky .^.. 
the naturally occurring chemokine receptor. 

se.uences^hatarere.ovedfro.thelrnatura.env—andi^ 
least one other component with which they are naturally assorted. 

The Coding Sequences mphg-ccr are 

The nucleotide sequences of human mmlr-ccr (SEQ 1U , 
shown injures .A-Dand6A-C. respectively. A partial coding region for mmlr-ccr was 

— r-"— 

The nucleotide sequence of Shy IU inu. 1 <-u<- 
VHAVFAL(iaR^RTVFOVoc™g« re »d»«l»»»°™ l07 -' 28 -™ l0S ' ,e ' 0 U 

:0,ri.M™C.CCR-, i ..»c^ U e«e<SBQ,0 N 0 :a , ta ^ J «™.»a 
^ p o„ m ««.(P« kin E, m .,.No™., k CN,.— * te T7po^<A^°«~> 
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la be.e d precursors. Recent improvements in mechanized reaction preparation, sequencing and 
analyst have permitted expansion in the number of fences that can be determined per day. 
Preferably, the process is automated with machines such as the Hamilton Micro Lab 2200 
(Hamilton, Reno NV), Pe.tier Thermal Cyder (PTC200; MJ Research. Watertown MA) and the 
AB. Catalyst 800 and 377 and 373 DNA sequencers (Perkin Elmer. Nonva.k CN). 

The quality of any particular cDNA library in which polynucleotides encodmg the 
chemoktne receptors are found may be determtned by performing a pilot scale analysis of the 
cDNAs and checking for percentages of clones containing vector, lambda or E- a* DNA, 
m itochondria. or repetitive DNA. and clones with exact or homologous matches to publ.c 
databases. 

Extending Receptor Polynucleotide Sequences 

The polynucleotide sequence encoding MMLR-CCR or MPHG-CCR may be extended 
utilizing the nucleotide sequences from SEQ ID NO:l or SEQ ID NO:3. respectively, in various 
methods known in the art to detect upstream sequences such as promoters and regulatory 
elements. Sarkar G eta, (1993; PCR Methods App.ic 2:318-22) disciose "restriction-site 
polymerase cha.n reaction (PCR)" as a direct method which uses un.versal primers to retneve 
unlcnownsequenccadjacenttoaknown locus. First, genomic DNA is amplified in the presence 
of primer to a linker sequence and a primer specific to the known region. The amphfied 
sequences are subjected to a second round of PCR with the same linker primer and another 
specific pnmer internal to the first one. Products of each round of PCR are transcribed with an 
approbate RNA polymerase and sequenced using reverse transenptase. 

,nverse PCR can be used to amplify or extend sequences using divergent primers based 
on a known reg.on (Triglia T et a. (1988) Nucleic Acids Res 16:8186). The primers may be 
designed using O.igo 4.0 (National Biosciences Inc. Plymouth MN), or another appropnate 
program, to be 22-30 nucleotides in length, to have a GC content of 50% or more, and to anneal 
to the target sequence at temperatures about 68-72° C. The method uses several restnct.on 
enzymes to generate a suitable fragment in the known region of a gene. The fragment is then 
circularized by intramolecular ligation and used as a PCR template. 

Capture PCR (Lagerstrom M et al (1991) PCR Methods Applic 1:1 11-19) is a method for 
PCR amplification of DNA fragments adjacent to a known sequence in human and yeast artificial 
chromosome (YAC) DNA. Capture PCR also requires multiple restriction enzyme digesnons 
and ligations to place an engineered double-stranded sequence into an unknown port.on of the 
DNA molecule before PCR. 
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, i • a n«.c 1 9-3055-60) teach walking PCR. a method 
Parker JD et al (1991; Nucleic Acids Res 19.305* »u>. 

D,« mrtt( >rt-inder™ is a new kit available trom 
which permits retrieval of unknown sequence. PromoterHnder 

r lnvs Yi-PCR™ enzymes (Perkin-Elmer. Foster City CA) to 

incorporated by reference, employs XL-FLK enzy 

amplify and/or extend nucleotide sequences. 

lib ^™, b ep»i»U, rt y™er U n,,»o Ug od(T,, iW dcc S „.y.el<..M.-^«-^A. 
a „.„ic Ubmte « for ob»i„i« i«™ns „d exiting 5' -!«««. 
^« i „ B o rP Cap»due r!ii c»p„ W e 1 „, ro pho re »i, 

tod ore . csepa „„ on , fourdlf r OT „, 

Pe tmlled capillary electrophoresis is particularly su.ted to the 

reported (Ruiz-Martinez MC et a. (1993) Anal Chem 65:2851-8). 

Expression Systems polynucleotide sequences 

In accordance with the present invent.on. mmlr-ccr or mpng P y 
w u H MMLRCCRorMPHG-CCR.fragmentsofthepolypeptide.fus.onprotemsor 

functionally equivalent amino acid sequence, may 
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MPHG-CCR As will be understood by those of skill in the art, it may be advantageous to 
produce chemokine receptor-encoding nucleotide sequences possessing non-naturally occurring 
codons. Codons preferred by a particular prokaryotic or eukaryotic host (Murray E et al ( 1 989) 
Nuc Acids Res 17:477-508) can be selected, for example, to increase the rate of express.on or to 
produce recombinant RNA transcripts having desirable properties, such as a longer half-life, than 
transcripts produced from naturally occurring sequence. 

Also included within the scope of the present invention are polynucleotide sequences that 
are capable of hybridizing to the nucleotide sequence of Figure 1 A-D or Figure 6A-C under 
conditions of intermediate to maximal stringency. Hybridization conditions are based on the 
melting temperature (Tm) of the nucleic acid binding complex, as taught in Berger and Kimmel 
(19 87, n.. i ^,» M nl« ; ul a rCloninP Tec hnique Methods in Enzymology, Vol 152. Acadenuc 
Press. San Diego CA) incorporated herein by reference, and confer a defined "stringency" as 
explained below. 

"Maximum stringency" typically occurs at about Tm-5°C (5°C below the Tm of the 
probe); "high stringency" at about 5»C to 10°C below Tm; "intermediate stringency" at about 
10-C to 20°C below Tm; and "low stringency" at about 20°C to 25°C below Tm. As w.ll be 
understood by those of skill in the art. a maximum stringency hybridization can be used to 
identify or detect identical polynucleotide sequences while an intermediate (or low) stringency 
hybridization can be used to identify or detect similar or related po.ynuc.eotide sequences. The 
term "hybridation" as used herein shall include "the process by which a strand of nucleic ac.d 
joins with a complementary strand through base pairing" (Coombs J (1994) DifiJifinarxsf 
BisleshnstoSX, Stockton Press. New York NY) as well as the process of amplification has carried 
out in polymerase chain reaction technologies as described in Dieffenbach CW and GS Dveksler 
(19 95, pri me r flT-hn^nrv Manual . Cold Spring Harbor Press, Plainview NY) and 
incorporated herein by reference. 

As used herein a "deletion" is defined as a change in either nucleotide or amino acid 
sequence in which one or more nucleotides or amino acid residues, respectively, are absent. 

As used herein an "insertion" or "addition" is that change in a nucleotide or amino acid 
sequence which has resulted in the addition of one or more nucleotides or amino acid residues, 
j respectively, as compared to the naturally occurring MMLR-CCR or MPHG-CCR. 

As used herein "substitution" results from the replacement of one or more nucleotides or 
amino acids by different nucleotides or amino acids, respectively. 

Altered MMLR-CCR or MPHG-CCR polynucleotide sequences which may be used in 
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phenylalanine, and tyrosine. MMLR-CCR or MPHG- 

lncl uded within the scope of the present invenuon are al.e.es of MML 

MPHGCCR AUe.esresultfron.a—.^ach^einthenuc.eicac.dsepuence.and 
generally prouutc Common mutational 

„ im , ..id,. E»~ of of d»*» m ~» 

onoomorMim.sta.Eiver.s.qu*." „ ,„„ , 

MMLR-CCR o, MPHCCCR cooing for . ' „ f , te e „ e ^ For 

IS codon preference. «c. . MMLR-CCR or MPHG-CCR nmral. 

• ============= ™rr 

and the heterologous protein sequence, so that the MMLR-CCR 
and purified away from the heterologous moiety. 
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ln an alternate embodiment of the invent.on. the coding sequence of MMLR-CCR or 

SSS22SSS22S2SZ 

L^J.l.o^.MM.a.CCK.^PHO-CCR-noa.^up.n*, 

(tg ,h,Blm m <l=B'«l«i™P'« ed " re;C ' elsh "" > ' S " P ™ ) ... h , 

JV „ „ (1 995, Si™. 26WOM04, - — ™ * Sieved, fc, =x«npl=. 

. — — — »— — 

polypeptide. 

Identification of Transformants 

Although the prcsence/absenceofmarkergene expression suggests that thegneof 
interest is also present, its presence and expression should be confirmed. For examp.e. , the 
MMLR-CCR or MPHG-CCR is inserted within a marker gene sequence, recomb.nant cells 
containing MMLR-CCR or MPHG-CCR can be identified by the absence of marker gene 
function. AUemativel^amarkergenecanbeplaced in tandem with a receptor sequence under 

selection usually indicates expression of the receptor as wel.. 

A.ternatively , host cells which contain the coding sequence for MMLR-CCR or MPHG 
CCR and express MMLR-CCR or MPHG-CCR may be identified by a variety of ^^^j^ 

DNA-RNA hybridization and protein bioassay or immunoassay techmques wh.ch mc.ude 
> m embrane-based,so.ut^^ 

quantification of the nucleic acid or protein. 

The presence of the MMLR-CCR or MPHG-CCR po.ynudeotide sequence can be 
detected by DNA-DNA or DNA-RNA hybridization or amp.ification using probes, port.ons or 
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. j : n seo ID NO- 1 or SEQ ID NO:3. respectively. Nucleic acid amplification 

NO -3to detect transfonnants containin, MMLR-CCR or MPHG-CCR, respect.vely, DNA or 

least about 10 nucleotides and as many as about 60 nucleotide, preferably about 1 5 to 30 

amplime, Preferably, o,i E onuc.eotides are derived from the 3" region of the MMLR-CCR 
MPHG-CCR nucleotide sequence shown in Figure 1 A-D. 

A v„ie,y of prowls to de.ecmg »d me-uring.he «p«s»» of*, chemok.ne 

„ b , m i,*«. E»n,p 1 ..inc.ud,^ y ™e-,in k ed ta n,u„o»*en,»s.»<EUSA,. 

M-.^Hc ni^rmorv Manual. ^ ps Press " b: rau 

""'"'wide variety of.abe.s and con jug a,o„ technics are ..own by those sKIHcd in the art 
^canbeusedinvanousnuc.eicandaminoacidass.ys. Means for product labeled 
hybridization or PCR probes for detecting MMLR-CCR or MPHG-CCR polynucleotide 

Led nucleotide. Alternatively, the MMLR-CCR or MPHG-CCR sequence, or any portion of 
it mly be cloned into a vector for the production of an mRNA probe. Such vectors are known in 

addition of an appropriate RNA polymerase such as T7, T3 or SP6 and labeled nucleotides^ 

WD and US Biochemical Corp (Cleve.and OH) supply commercial .its and protocol for these 
orocedures Suitable reporter mo.ecu.es or labe.s include those radionuclides, enzymes 
procedures. &u«a v sub strates, cefaclors, inhibitors, 

fluorescent, chemiluminescent, or chromogemc agents as well sub , 

, ^gneticparUCesandthe^e. ^^^^^^ 

3.sn. 8 37 ; 3,S50.752:3,939^ 
■ reco mbinantimmunog^^ 

incorporated herein by reference. 
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Purification of Receptors 

Host cells transformed with a MMLR-CCR or MPHG-CCR nucleotide sequences may be 
cultured under conditions suitable for the expression and recovery of the encoded protein from 
cel. culture. The protein produced by a recombinant cel. may be secreted or may be contained 
intracellular* depending on the sequence and/or the vector used. As will be understood by those 
of skill in the art, expression vectors containing MMLR-CCR or MPHG-CCR can be designed 
with signal sequences which directs secretion of MMLR-CCR or MPHG-CCR through a 
particular prokaryotic or eukaryotic cell membrane. Other recombinant constructions may jom 
MMLR-CCR or MPHG-CCR to nucleotide sequence encoding a polypeptide domain which w,l. 
facilitate purification of soluble proteins (Krol. DJ et a. (1993) DNA Cell Bio. 12:441-53; see 
also above discussion of vectors containing fusion proteins). 

MMLR-CCR or MPHG-CCR may also be expressed as a recombinant protein with one or 
more additional polypeptide domains added to facilitate protein purification. Such purification 
facilitating domains include, but are not limited to. metal chelating peptides such as h.st.d.ne- 
tryptophan modules that allow purification on immobilized metals (Porath J (1992) Protein Expr 
Purif 3-263-281), protein A domains that allow purification on immobilized immunog.obuhn, 
and the domain utilized in the FLAGS extension/affinity purification system (Immunex Corp, 
Seattle WA). The inclusion of a cleavab.e linker sequence such as Factor XA or enterokinase 
(invitrogen. San Diego CA) between the purification domain and MMLR-CCR or MPHG-CCR 
is useful to facilitate purification. 

Uses of The Receptors and Genetically Engineered Host Cells Containing the Receptors 

The amino acid sequence of MMLR-CCR (SEQ ID NO:2) is shown in Figure 1 A-D. 
Based upon its homology to MCP-1 CCR chemokine receptor, MCP-1RB (Charo. supra) 
particular* in the third transmembrane spannng domain which is known to be associated with G 
protein binding and its presence in a macrophage, 48 hour mixed lymphocyte reaction cDNA 
library and absence in a normal macrophage MMLR-CCR; and MMLR-CCR appears to be a 
chemokine receptor associated with leukocyte functioning. The amino acid sequence of MPHG- 
CCR (SEQ ID NO:4) is shown in Figure 6A-C. Based upon it homology to C-C chemokine 
receptor 3 and MCP-1 RA, and its presence in a macrophage library, MPHG-CCR appears to be a 
chemokine receptor associated with leukocyte functioning. 

Accordingly, the present invention provides MMLR-CCR and MPHG-CCR amino acid 
sequences and genetically engineered host cells that express the receptors to evaluate, screen and 
identify the naturally occurring ligands. i.e., chemokines, in appropriate cellular supematants. 
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. .i^onfikillintheart. For example, nucleotide 
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Procedures well known rati* «t may be used tot ■ p ... ,„„,, 
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For tne proa MM i d rCR or MPHG-CCR polypeptide or any portion, 

may be immunized by injection with MMLR-CCK. 
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fragment oligopeptide which retains S-"^"^ 1 ^"^^ 
Jladjuvantsmay be used to increase immune .ogica, response, 
are not limited to, Freund's, minera. gels such as a.ummum hydroxide, and surface active 
substances such as .yso.ecithin, pluronic po.yols. polygons, peptides, oi. emulsions, keyhole 
limp ethemocy a „in.anddinitropheno.. BCO (bacilli C,mette-Guerin) ,nd ^ 
^ are potential.y useful human adjuvants which may be emp.oyed if punfied MMLR-CCR 
polypeptide is administered to immunological.y compromised individuals for the purpose of 

stimulating systemic defense. 

Monoclone antibodies to MMLR-CCR or MPHG-CCR polypeptide may be prepared 
using any technic which provides for the productionofantibodymo.ecu.es by continuous cel. 

Hnes in culture. These inc.ude, but are not limited to, the hybridoma technique ongtnal.y 
desenbed by Koeh.er and Mi.stein (1975, Nature 256:495-497), the human B-ceU hybridoma 
technic (Kosbor et a, (1983) Immunol Today 4:72; Cote et a. (1983) Proc Nat. Acad Sc. 
80 2026-2030) and the EBV-hybridoma technique (Co.e et a. (.985) M ^ nori^l A n nhod*. « J 
C^Jto, Man R Liss .nc, PP 77-96). In addition, techniques developed for the 
production of "chimeric antibodies", the sp.icing of mouse antibody genes to human antibody 
ge „es to obtain a mo.ecu.e with appropriate antigen specificity and bio.ogica. activity can be 
Ld(MorrisonetaH1984)ProcNa^^ 

312-604-608; Takeda et a. (1985) Nature 314:452-454). A.tematively, techniques desenbed for 
th eproductionofsi nB lechainan,ibodie S (U S PatentNo. 4.946.778) can be adapted to produce 

specific single chain antibodies. 

Antibodies may also be produced by inducing to production in the lymphocyte 

population or by screening recombinant immunog.obu.in .ibraries or panels of high.y specific 

Ling reagents as disc.osed in Or.andi et a. ( .989, Proc Nat. Acad Sci 86: 3833-3837). and 

Winter G and Milstein C (1991 ; Nature 349:293-299). 

Antibody fragments which contain specific binding sites for MMLR-CCR or MPHG- 
CCR may also be generated. For example, such fragments inc.ude, but are not limited to. the 
F(ab'), fragments which can be produced by pepsin digestion of the antibody mo.ecu.e and the 
Fab foments which can be generated by reducing the disulfide bridges of the F(ab') z fragments. 
Alternative*, Fab expression libraries may be constructed to allow rapid and easy identification 
of monoclonal Fab fragments with the desired specificity (Huse WD et a. (.989) Science 

256:1275-1281). . 

MMLR-CCR- or MPHG-CCR-specific antibodies are useful for the diagnosis of 
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, u m „ lnvf .d These assays aTe described in Maddox 
but a competitive binding assay may also be employed. These y 

DE et al (1983, J Exp Med 158:121 1). 

Frequently, tnep yp^ * wirfe variety of reporter molecules are known to 

noncovalcntly, with a reporter molecule. A w.de vanety rep 

those of skill in the art. MMLR CCR or MPHG-CCR polypeptide, using 

eit herpo.yc,ona,ormonoc,onal antibod.es 

.r. Examoles include enzyme-linked immunosorbent assay (ELlbA). 

art. Examples y two-site, monoclonal-based immunoassay 

and fluorescent activated cell sorttng (FACbj. At 

, , .Wie, reactive to two non-interfering epitopes on a MMLR-CCR or 
.iUzing monoclone ant.bod.es rea« v ^ ^ ^ 

25 MPHG-CCRpo,ypept.de,preferred,butacomp ed 15g , 2n , 

assavs are described, among other places, in Maddox, DE et al 1 1 F 
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antibody is combined with known concentrations of a purified MMLR CCR 
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polypeptide. Then, standard values obtained from normal samples may be compared w,th values 
obtained from samples from subjects potentially affected by a disorder or disease related to a 
chemokine receptor polypeptide expression. Deviation between standard and subject va.ues 
establishes the presence of the disease state. 
Drug Screening 

An MMLR-CCR polypeptide or MPHG-CCR polypeptide, its immunogenic fragments or 
oligopeptides thereof can be used for screening therapeutic compounds in any of a variety of drug 
screening techniques. The fragment employed in such a test may be free in solution, affixed to a 
solid support, borne on a cel. surface, or located intracel.uiarly. The abolition of activity or the 
formation of binding complexes, between a receptor polypeptide and the agent being tested, may 
be measured. Accordingly, the present invention provides a method for screening a plurah.y of 
compounds for specific binding affinity with a MMLR-CCR. MPHG-CCR or a fragment thereof, 
comprising providing a plurality of compounds: combining a chemokine receptor of the present 
invention or a fragment thereof with each of a plurality of compounds for a time sufficed to 
a.low binding under suitable conditions: and detecting binding of the chemokine receptor, or 
fragment thereof, to each of the plurality of compounds, thereby identifying the compounds 
which specifically bind the chemokine receptor. In such an assay, the plurality of compounds 
may be produced by combinatorial chemistry techniques known to those of skill in the art. In one 
embodiment of the present invention the MMLR-CCR or MPHG-CCR oligopeptide is obta.ned 
from an extracellular binding domain. 

Another technique for drug screening provides for high throughput screening of 
compounds having suitab.e binding affinity to a MMLR-CCR or MPHG-CCR polypeptide and is 
described in detail in Geysen, European Patent Application 84/03564, published on September 
13 1984 incorporated herein by reference. In summary, large numbers of different small pept.de 
test compounds are synthesized on a solid substrate, such as plastic pins or some other surface. 
The peptide test compounds are reacted with MMLR-CCR or MPHG-CCR fragments and 
washed. A bound chemokine receptor of the present invention is then detected by methods well 
known in the art. A purified MMLR-CCR or MPHG-CCR can also be coated directly onto plates 
for use in the aforementioned drug screening techniques. Alternatively, non-neutralizing 
, antibodies can be used to capture the peptide and immobilize it on a solid support. 

This invention also contemplates the use of competitive drug screening assays in which 
neutralizing antibodies capable of binding MMLR-CCR or MPHG-CCR specifically compete 
with a test compound for binding MMLR-CCR or MPHG-CCR. In this manner, the annbod.es 
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can be used to detect thepresence of any peptide which shares one or more ant^nic 
determinants with MMLR-CCR or MPHG-CCR. respectively. 
Uses of Receptor Polynucleotide 

An MMLR-CCR o, MPHO-CCR po, y »*otid,:. or any p«. uW. P»v,d«, th. l-» 
f „^r^~co^. F o,^p^,.MM L R.CC R „ r MPHC. 

p^MMLR-CCR., MPHO-CCR .n^ m o,^=^— ™d to 



events. 
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mRNAor inhibit translation of a MMLR-CCR or MPHF-CCR. 
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tum or lg enesi,andcardiovascu,ardiseas e . For example, po.ynuc.eotide sequences encoding 
MMLR-CCR or MPHG-CCR are used in hybridization or PCR assays of tissues from biopsies or 
autopsies or biological fluid, such as serum, synovia, fluid or tumor biopsy, to detect 
abnormalities in MMLR-CCR or MPHG-CCR expression. Such qualitative or quantise 
methods include Southern or northern analysis, dot blot or other membrane-based technolog.es; 
PCR technologies; dip stick, pin or chip techno.ogies; and ELISA or other multiple sample 
format technolog.es. All of these techniques are well known in the art and are in fact the basis of 
many commercially available diagnostic kits. 

Such assays are tailored to evaluate the efficacy of a particular therapeutic treatment 
regime and are used in animal studies, in clinical trial, or in monitoring the treatment of an 
individual patient. For disease diagnosis, a normal or standard profile for MMLR-CCR or 
MPHG-CCR expression is first established. This .s accomplished by combining body fluids or 
cell extracts taken from normal subjects, either an.mal or human, with MMLR-CCR or MPHG- 
CCR or a portion thereof, under conditions suitable for hybridization or amplification. Standard 
hybridization is quantified by comparing the values obtained for norma, subjects with a di.ut.on 
series of positWe contro.s run in the same experiment where a known amount of purified MMLR- 
CCR or MPHG-CCR is used. Standard values obtained from normal samples are compared w.th 
va ,ues obtained from samples from subjects potential.y affected by a disorder or disease re.ated 
to MMLR-CCR or MPHG-CCR expression. Deviation between standard and subject values 
establishes the presence of the disease state. If disease is established, an existing therapeut.c 
agent is administered, and treatment profile or va.ues may be generated. Final.y. the assay may 
be repeated on a regular basis to evaluate whether the values progress toward or return to the 
norma, or standard pattern. Successive treatment profiles may be used to show the efficacy of 
treatment over a period of several days or several months. 

PCR as described in US Patent Nos. 4,683,1 95; 4,800,195; and 4,965.188 provides 
additional uses for oligonucleotides based upon the MMLR-CCR or MPHG-CCR sequence. 
Such oligomers are general.y chemically synthesized, but they are generated enzymatical.y or 
produced from a recombinant source. Oligomers general.y comprise two nucleotide sequence, 
one with sense orientation (5*->3') and one with antisense 0'^) employed under opt.m.zed 
conditions for identification of a specific gene or condition. The same two oligomer, nested sets 
of oligomers, or even a degenerate pool of oligomers are employed under less stringent 
conditions for detection and/or quantitation of closely related DNA or RNA sequences. 

Additionally methods to quantise the expression of a particular molecule mclude 
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quantitation. 

The„peu.i«ll.e,. t .nMMLR^CRorMPHG-CCRFo.y.u.,»..d, 

from various bacterial plasmids. are used for delivery of recombinant ~^ ^ ^u^i^ 

CCR^eot^t^ntolecnlestotbe^etedcellpopulation. «— »" 

l^njLit CCR or MPHG-CCR related nucleotide sequences. See. for example, the techniques 
0 describ^ l^rtaniatis et al (supra) and Ausuhel et al(supra). Alternatively, recombinant MMLR- 
CCR or MPHO-CCR can be delivered to target cell, in l.posomcs. 

The full length cDNA sequence and/or its regulatory elements enable researchers to use a 
MMLrTcR 1 MPHG-CCR as a.oo, in sense (Y— „ and HP Lodish ,*> Mo, Cell 

destoed frem v»ous locations along the coding or court regtons. 
' CCRf^neutinc—s^^^ 
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which compete for binding with the natural* occurring receptor. Even in the absence of 
integxation into the DNA. such vectors may continue to transcribe RNA molecules unt.l all 
copies of the vector are disabled by endogenous nucleases. Such transient expression may last 
for a month or more with a non-replicating vector (Metier I. persona, communication) and even 
longer if appropriate replication elements are part of the vector system. 

ModiHcations of gene expression can be obtained by designing antisense sequences to the 
control regions of the MMLR-CCR or MPHG-CCR gene, such as the promoters, enhancers, and 
intron, Oligonucleotides derived from the transcription initiation site, eg, between -10 and + 10 
regions of the leader sequence, are preferred. Antisense RNA and DNA molecules may also be 
designed to block translation of mRNA by preventing the transcript from binding to nbosomes. 
Similarly inhibition can be achieved using Hogeboom base-pairing methodology, also known as 
"triple helix" base pairing. Trip.e helix pairing compromises the ability of the double hel.x to 
open sufficiently for the binding of polymerases, transcription factors, or regulatory mo.ecu.es. 

Ribozymes are enzymatic RNA molecuks capable of cata.yzing the specific cleavage of 
RNA The mechanism of ribozyme action involves sequence specific hybridization of the 
ribozyme molecule to complementary target RNA. fol.owed by a endonucleo.ytic c.eavage. 
Within the scope of the invention are engineered hammerhead motif ribozyme mo.ecu.es that 
specific^ and efficiently catalyze endonucleo.ytic c.eavage of MMLR-CCR or MPHG-CCR 
RNA sequences. 

Specific ribozyme cleavage sites within any potential RNA target are initially ident.fied 
by scanning the target molecule for ribozyme c.eavage sites which inc.ude the fo.lowmg 
sequences. GUA. GUU and GUC. Once identified, short RNA sequences of between ,5 and 20 
ribonucleotides corresponding to the region of the target gene containing the c.eavage site may be 
evaluated for secondary structural features which may render the oligonucleotide sequence 
inoperable. The suitability of candidate targets may also be evaluated by testing accessibihty to 
hybridization with complementary oligonucleotides using ribonuclease protecuon assays. 

Both antisense RNA and DNA molecules and ribozymes of the invention may be 
prepared by any method known in the art for the synthesis of RNA molecules. These inc.ude 
techniques for chemically synthesizing oligonucleotides such as solid phase phosphoram.d.te 
chemica. synthesis. Alternatively, RNA molecules may be generated by in yitto or in yjvo. 
transcription of DNA sequences encoding the antisense RNA molecule. Such DNA sequences 
" may be incorporated into a wide variety of vectors with suitable RNA polymerase promoters such 
as T7 or SP6. Alternatively, antisense cDNA constructs that synthesize antisense RNA 
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nucleotide sequence of the subject invention may also be used to detect differences in the 
chromosomal location due to translocation, inversion, etc between normal, carrier or affected 
individuals. 

Pharmaceutical Compositions 

The present invention relates to pharmaceutical compositions which may comprise 
nucleotides, proteins, antibodies, antagonists, or inhibitors, or agonists of MMLR-CCR or 
MPHG-CCR alone or in combination with at least one other agent, such as stabilizing compound, 
which may be administered in any sterile, biocompatib.e pharmaceutic^ carrier, inc.uding, but 
not limited to, saline, buffered saline, dextrose, and water. Any of these molecules can be 
administered to a patient alone, or in combination with other agents, drugs or hormones, in 
pharmaceutical compositions where it is mixed with exci P i e nt(s) or pharmaceutical ly acceptable 
carriers. In one embodiment of the present invention, the pharmaceutical. y acceptable earner ,s 
pharmaceutical^ inert. 

Administration of Pharmaceutical Compositions 

Administration of pharmaceutical compositions is accomplished orally or parenterally. 
Methods of parenteral delivery include topical, intraarterial (directly to the tumor), 
intramuscular, subcutaneous, intramedullary, intrathecal, intraventricular, intravenous, 
intraperitoneal, or intranasal administration. In addition to the active ingredients, these 
pharmaceutical compositions may contain suitable pharmaceutical^ acceptable carriers 
comprising excipients and auxiliaries which facilitate processing of the active compounds into 
preparations which can be used pharmaceutical*. Further details on techniques for formutat.on 
and administration may be found in the latest edition of "Remington's Pharmaceutic^ Sciences" 
(Maack Publishing Co, Easton PA). 

Pharmaceutical compositions for oral administration can be formulated using 
pharmaceutically acceptable carriers well known in the art in dosages suitable for oral 
administration. Such carriers enable the pharmaceutical compositions to be formu.ated as tablets, 
pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions and the like, for ingest.on by 
the patient. 

Pharmaceutical preparations for oral use can be obtained through combination of active 
compounds with solid excipient, optionally grinding a resulting mixture, and processing the 
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. 
Suitable excipients are carbohydrate or protein fillers such as sugars, including lactose, sucrose, 
mannitol, or sorbitol; starch from corn, wheat, rice, potato, or other plants; cellulose such as 
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acids, including but not limited to hydrochloric, sulfuric, acetic, .actic, tartaric, ma.ic. succinic, 
etc Sa.tstendtobetnoresolub.einaqueousorotherprotonicso.ventsthatarethe 

corresponding free base forms. ^c^teP^V"^^^"* 
powder in .mM^OmM histidine. 0,%-2% sucrose. 2 o/„-7% mannitol at a pH range of 4.5 to 5.5 

that is combined with buffer prior to use. 

After pharmaceutical composttions comprising a compound of the invent.on formu.ated 
inaacceptablecarrier have been prepared, they can be p.aced in an appropriate container and 
.abe.ed for treatment of an indicated condition. For administration of HCAP. such labeling 
would include amount, frequency and method of administration. 

Tf"r?r""' ifallv Furtive Pose 

Pharmaceutical compositions suitable for use in the present invents mclude 
compositions wherein the active ingredients are contained in an effect.vc amount to achieve the 
inte „ded purpose. The determination of an effective dose is we., within the capab.hty of those 

skilled in the art. .. 

For any compound, the therapeutically effective dose can be est.mated m.Ua.ly e.ther ,n 
cel. cu.ture assays, eg, of neop.astic ce.ls. or in anima, mode,, usual.y mice, rabbits, dogs, or 
pigs The animal mode, is also used to achieve a desirable concentration range and route of 
administration. Such information can then be used to determine usefu. doses and routes for 
administration in humans. 

A therapeutically effective dose refers to that amount of protem or its ant.bod.es, 
antagonists, or inhibitors or agomsts which ameliorate the symptoms or condition. Therapeut.c 
efficacy and toxicity of such compounds « be determined by standard pharmaceut.ca. 
procedures in ce.l cultures or experiments anima., eg, ED50 (the dose therapeutica.ly effect.ve 
in 50% of the popu.ation) and LD50 (the dose lethal to 50% of the population). The dose rat.o 
between therapeutic and toxic effects ,s the therapeutic index, and it can be expressed as the rat.o. 
ED50/LD5O. Pharmaceutical compositions which exhibit iarge therapeutic indices are preferred. 
The data obtained from ce.l cu.turc assays and anima. studies is used in formulating a range of 
dosage for human use. The dosage of such compounds lies preferably within a range of 
circulating concentrations that include the ED50 with little or no toxicity. The dosage vanes 
, within this range depending upon the dosage form employed, sensitivity of the patient, and the 
route of administration. 

The exact dosage is chosen by the individual physician in view of the patient to be 
treated. Dosage and administration are adjusted to provide sufficient .eve.s of the acttve moiety 
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Th= , ys ,«w,,^-»wi,h.»^orp«o, m , t Mo,of.™.pH 8 .0-d 
centrifuged over a CsCI cushion using an Beckman SW28 rotor in a L8-70M Ultracentnfuge 

isolated using the Qiagen Oligorex kit (Q1AGEN lnc, Chatsworth CAV U must be noted thai 
someeonum.intuingTandBlymphoey.esmayatoha.ebeenpresen.. 

Piasrn.dCioningicatalogue.,^ 

p^ol. cONA^ref— -.^*~«». — — 
into chemically competent DH5 host cells (Gibco BRL). 

H 77468; Advanced Genetic Technologies Corporation. Gaithersburg MD). This kit consists of a 
execptforthefotiowingchanges: , , the ,6 w.,1, were each ftlled wtth - , . - - — . 

filler plate: and 4) the optional step of adding isopropanol to TR1S buffer was not routmely 
perfold. After ,he ,a»„ep in the protoeo,. » *™» 

block for storage. fllA ..„ 
Alternative methods of purifying plasmid DNA include the use of MAGIC 
MINIPREPS™ DNA Purification System (Catalogue #A7100. Promega. Mad.son Wl) or 
Q ,Awe,.-8 Plasmid, QlAwel. PLUS DNA and QIAwel. ULTRA DNA Purification Systems 

(QIAGEN® Chatsworth CA). 

The cDNAs were sequenced by the method of Sanger F and AR Coulson ( .975. J Mo 
Bio. 94 4410, using a Hami.ton Micro Lab 2200 (Hamilton. Reno NV) in combination with four 
Peltier Therma, Cyclers (PTC200 from MJ Research. Watertown MA) and Applied Biosystems 
, 377 or 373 DNA Sconcing Systems (Pericin Elmer) and reading frame was determined. 
H Homology Searching of cDNA Clones and Their Deduced Proteins 

E achcDNAwascom P aredto S e q uence S inGenBa ri ku S in g aBLAST S earch(Bas,cLoca. 

Alignment Search Too,; Altschu. SF(,993) J. Mol. Evo.. 36: 290-300; Altschu, SFetal(1990) 
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, •_■ r a wvte Clone 478861 as a non-exact match to 
, mo.. Bio,. 2 15: 403-4,0). This method ulenuf.ed In yte C one ^ 
u MCP 1RB receptor (NCBT GI 472558) Charo (supra) and Incyte Clon 

„ „SP ,» «. of HSP,) »„„.,, «* »«e« of «« =»« » «"* 
^ m »eh s,».f.. S E is reporred in pro*™ 

The reading frame of individual cDNA clones of start (ATG. GTG, 

3S JW .,i982)Nuc,«icAeidsRe»«M0.5303^Cod 

py rimidine S inthethirdcodonpo S .t.on. These a!go ^ 

^ : r ^in— 
DNA . rr-,.. 

- MMU..CC OH MPHCCCB - — » — 



vehicles. 
IV 
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The nucleic acid sequence of MMLR-CCR or MPHG-CCR is used to design 
oligonucleotide primers for obtaining full length sequences from genomic libraries. One primer 
is synthesized to initiate extension in the antisense direction (XLR) and the other is synthesized 
to extend sequence in the sense direction (XLF). The primers allow the known MMLR-CCR or 
MPHG-CCR sequence to be extended "outward" generating amplicons containing new. unknown 
nucleotide sequence for the control region of interest. The initial primers arc designed from the 
cDNA using Oligo 4.0 (National Biosciences Inc. Plymouth MN), or another appropriate 
program, to be 22-30 nucleotides in length, to have a GC content of 50% or more, and to anneal 
to the target sequence at temperatures about 68°-72° C. Any stretch of nucleotides which would 
result in hairpin structures and primer-primer dimerizations is avoided. 

A human genomic library is used to extend and amplify 5' upstream sequence. If 
necessary, a second set of primers is designed to further extend the known region. By following 
the instructions for the XL-PCR kit (Perkin Elmer) and thoroughly mixing the enzyme and 
reaction mix. high fidelity amplification is obtained. Beginning with 40 pmol of each primer and 
the recommended concentrations of all other components of the kit. PCR is performed using the 
Peltier Thermal Cycler (PTC200; MJ Research. Watertown MA) and the following parameters: 
Step 1 94° C for 1 min (initial denaturation) 

Step 2 65° C for 1 min 

Step 3 68° C for 6 min 

Step 4 94° C for 15 sec 

Step 5 65° C fori min 

Step 6 68° C for 7 min 

Step 7 Repeat step 4-6 for 1 5 additional cycles 

Step 8 94° C for 15 sec 

Step 9 65° C for 1 min 

Step 10 68° C for 7:15 min 

Step 1 1 Repeat step 8-10 for 1 2 cycles 

Step 12 72° C for 8 min 

Step 13 4° C (and holding) 

A 5-10 /il aliquot of the reaction mixture is analyzed by electrophoresis on a low 
concentration (about 0.6-0.8%) agarose mini-gel to determine which reactions were successful in 
extending the sequence. The largest products or bands are selected and cut out of the gel. 
Further purification involves using a commercial gel extraction method such as QIAQuick™ 
(QIAGEN Inc). After recovery of the DNA, Klenow enzyme is used to trim single-stranded, 
nucleotide overhangs creating blunt ends which facilitate religation and cloning. 

After ethanol precipitation, the products are redissolved in 13 )A of ligation buffer. \fA 
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5 „l of each sample is transferred into a PCR array. 

F^PCRamplification.lS^ 
of rTth DNA poiymerasc. a vector primer and one or both of the 6 ene specific prime* used for 
of rTth DNA polyme Amplificatio n is performed using the following 

■ the extension reaction are added to eacn wen. ™>v 

conditions: 

Step 1 94 ° c for 60 sec 

Step 2 94° C for 20 sec 

Step 3 55 ° c for 30 sec 

Step 6 72° C for 180 sec 

Step 7 4° C (and holding) 

markers. The sizes of the PCR products are compared to the original partial cDNAs. and 
.3 appropriate clones are selected, ligated into plasmid and sequenced. 
V Labeling of Hybridization Probes 

Hvb«np^^ fom S E Q>DNO : ,o,SEQ,D N 0^™^ec» 

screen cDNAs mRNAs or genomic DNAs. Al.h.ugn ,h. ..Wingof oBg.nuCe.,,^. 
„ ^^cDNAiragmen,, 0 liE o„nc,eo,ide S a, «*d by con,b,„.n g 50 pnK of -* 

„ DN A^*d»*.neorO,= f...owin e cnc ( ,n«c 1 e»e ! (A 1 = 1 .D 8 .n.Bc<,a,.P»I.Xb, 
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Pvu II; DuPonl NEN*>- 

The DNA from each digest ,s fractionated on a 0.7 percent agarose gei and transferred to 
„ y lonmembranes(N y tranP.u S ,Schleicher & SchueU.DurhamNH). Hybridization is carried out 
for 16 hours at 40°C. To remove nonspecific signals, biots are sequentially washed at room 
temperature under increasingly stringent condhtons up to 0. . x saline sodium citrate and 0.5% 
sodium dodecy . su.fate. After XOMAT AR™ film (Kodak. Rochester NY) is exposed to the 
mots in a Phosphoimager cassette (Molecular Dynamic, Sunnyvale CA) for several hours, 
hybridization patterns are compared visually. 
VI Antisense Molecules 

The MMLR-CCR or MPHG-CCR sequence, or any part thereof, is used to inhibit in Uttt 
or in expression of endogenous MMLR-CCR or MPHG-CCR, respectively. Although use 
of antisense oligonucleotides, consisting of about 20 base-pair, is specifica.ly descnbed. 
essential the same procedure is used with larger cDNA fragments. An oligonucleotide based on 
the coding sequence of MMLR-CCR or MPHG-CCR is used to inhibit expression of endogenous 
MMLR-CCR or MPHG-CCR. Using Oligo 4.0. the complementary oligonuc.eot.de « des.gned 
from the conserved 5' sequence and used to inhibit either transcription, by preventing promoter 
binding to the upstream nontranslated sequence, or translation of an MMLR-CCR or MPHG- 
CCR transcript by preventing the ribosome from binding to the mRNA. 
VII Production of MMLR-CCR OR MPHG-CCR Specific Antibodies 

For production of po.yc.ona. antibodies, the deduced amino acid sequence of MMLR- 
CCR or MPHG-CCR is analyzed using DNASTAR software (DNASTAR Inc) to detemune 
regions of high immunogenicity and a corresponding oligopeptide is synthesized and used to 
raise antibodies in rabbits. Analysis to select appropriate epitopes, such as those near the C- 
terminus or in adjacent hydrophi.ic regions is described by Ausubel FM et a. (supra). An 
oligopeptide of about ,5 residues in length is synthesized using an AB. Peptide Synthesizer 
Model 43 1 A (Perkin Elmer, Norwalk, CN) using fmoc-chemistry, and coupled to keyhole hmoet 
hemocyantn (K.LH, Sigma) by reaction with M-maleimidobenzoy.-N-hydroxysuccinimide ester 
(MBS- Ausubel FM et al, supra). Rabbits are immunized with the oligopeptide-KLH comp.ex m 
complete Freund's adjuvant. The resulting antisera are tested for antipeptide activity, for 
examp.e, by binding the peptide to plastic, blocking with 1% BSA, reacting with rabbit annsera. 
washing, and reacting with radioiodinated, goat anti-rabbit IgG. 
VIII Purification of MMLR-CCR Or MPHG-CCR Using Specific Antibodies 
Endogenous or recombinant MMLR-CCR or MPHG-CCR can be purified by 
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imm unoaffinity chromatography usmg ant.bod.es specific for MMLR-CCR or MPHG-CCR. An 
Lunoaff.ni^^ 

antibody to an activated chromatographic resin such as CnBr-activated Sepharose (Pharmaoa 
Biotech). After the coupling, the resin is blocked and washed according to the manufacturer's 

instructions. . 

Media containing MMLR-CCR or MPHG-CCR is passed over the .mmunoaff.n.ty 
column, and the column is washed under conditions that al ,ow the preferential absorbance of 
MMLR-CCR or MPHG-CCR (eg. high ionic strength buffers in the presence of detergent). The 
co.umn is e.uted under conditions that disrupt antibody/MMLR-CCR or MPHG-CCR binding 
( eg,abufTerofpH2-3orahighconcentra t ionofachaotro P esucha S ureaorthiocyanat el on), 

and MMLR-CCR or MPHG-CCR is collected. 

IX .dentincationorMo.ecu.esWhich.nteraCwi.hMMLR-CCROrMPHG-CCR 

MMLR-CCR or MPHG-CCR. or a biologically active fragment thereof, is labeled w.th 

ac Hunter WM (1973) Biochem J 133: 529). Candidate 
'"I Bolton-Hunter reagent (Bolton. AE and Hunter. WM (. v ,j> . t u , K . . 

MMU^.^ — ----- 

MPHG-CCR with the candidate molecules, 
i X Northern Analysis t 

Northern analysis of various tissues obtained from C.ontech Labs us.ng the 0. kb 
Sall/Notl fragment from .ncyte Cone 478861. which encodes MMLR-CCR. was performed 
using 2X SSC / ,% SDS washes. The results showed that a 4.0 kb major transcnp, ex.sts ,n all 
of the . 6 tissues represented, see Figure 5, which include normal heart, brain, placenta, lung hver 

andleukccyte. As illustrated in Figure 5. the transcript was most abundant in lung spleen, 
thymus, ovary, small intestine and periphera, blood leukocyte preparations. A smaller transcr.pt 
at 2.5 kb is observed in placenta. 

AU publications and patents mentioned in the above specification are herem tncorporated 
>0 preference. Various modifications and variations of the described methods and system of the 
invention wi.l be apparent to those skilled in the art without parting from the scope and sp.nt 
emb „ di ment,itshou,d be understood that the invention as claimed should not be unduly l.mucd 
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to such specific embodiments. Indeed, various modifications of the described modes for carrying 
out the invention which are obvious to those skilled in molecular biology or related fields are 
intended to be within the scope of the following claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 
,i) APPLICANT : INCYTE PHARMACEUTICALS, INC. 

TITLE OF THE INVENTION: NOVEL CHEMOKINE RECEPTORS 
(iii) NUMBER OF SEQUENCES: 4 

(iV ) CORRESPONDENCE ADDRESS ' c - a ^ s lnc . 
(A) ADDRESSEE: Incyte Pharmaceuticals, 
(D> STREET: 3174 Porter Drive 

(C) CITY : Palo Alto 

(D) STATE : CA 

(E) COUNTRY: U.S. 

(F) ZIP: 94304 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 
C) OPERATING SYSTEM: DOS 

Id! SOFTWARE: FastSEO Version 1.5 

, ,i i rilBRFNT APPLICATION DATA: 

'"A) PC? APPLICATION NUMBER : To Be Assigned 

(B) FILING DATE: Filed Herewith 

(C) CLASSIFICATION: 

«vii) PRIOR APPLICATION <»™ = . 

(A APPLICATION NUMBER: US 08/638,081 
(B) FILING DATE : 26-APR-1996 
fviii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Billings, Lucy 

- REFERENCE/DOCKET NUMBER: PF-0060 PCT 

(XX) TELECOMMUNICATION INFORMATION: 
,A) TELEPHONE: 415-855-0555 

(B) TELEFAX: 415-845-4166 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1557 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
( d) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: chemokine 

(B) CLONE: 478861 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

SEEKS SEES SEES SS ESS SSSS .8 
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CACTGGTGTT CATCTTTGGT TTTGTGGGCA CTGATA£CT 

gcaaaaggct gaagagcatg actgacatct ^ctgctcaa cc gtgg gacttxggaa 

TTTTCCTTCT TACTGTCCCC "CTGGGCTC A ^^GCTb CTCT GGAATC TTCT 

ATACAATGTG TCAACTCTTG ACAGGGCTCT A "TTAIA£j GCTGTG XTTGCTTTAA 

TCATCATCCT CCTGACAATC GATAGGTACC TGGCTGTCGT CCAlb GTGGCTGTGT 

Iagccaggac ggtcaccttt ggggtggtga caagtgtgat cacttg cattacacct 

TTGCGTCTCT CCCAGGAATC ATCTTTACCA GATCTCAAAA ^AA^^ CCGCT GCTTG 

gcagctctca ttttcataca "aaagatag tcatcttgg cga WIGMH ga 

TCATGGTCAT CTGCTACTCG GGAATCCTAA WKTCTUL TGTTT ATTTT CTCTTCTGGG 

agaggcacag ggctgtgagg cttatcttca ccatcm attctttggc ctgaataatt 

CTCCCTACAA CATTGTCCTT CTCCTGAACA CCTTCCA^A CTCTT GGGATGAC GC 

gcagtagctc taacagcttg gaccaagcta tgcaggtg tcaga ^ctacctct 

ACTGCTGCAT CAACCCCATC ATCTATGCCT TTGTCL,^ ATGCTGTTCT ATTTTCCAGC 
TAGTCTTCTT CCAAAAGCAC ATTGCCAAAC GCTTCTGtA* GGftG CAGGAA ATAT 

SScC CGAGCGAGCA AGCTCAGTTT ACAOCCGMC CACTC^ GTGCflCATGG 

ctgtgggctt ctgacacgga ctcaagtggg gtggtgacc aqagtctttt ttaaaaggaa 

CTTAGTTTTC ATACACAGCC TGGGCTGGGG ^TGGUb GCATCTGTTT AAAGT AGAT T 

GTTACTGTTA TAGAGGGTCT AAGATTCATC «TU»n ATATGTTGAT GAAAAATAGC 
AGATCTTTTA AGCCCATCAA TTATAGAAAG CCMATCAAA ™ QQ TTCACTC CGA 

AACCTTTTTA TCTCCCCTTC ACATGCATCA ^TTATTGA G CTGATTCTT GAGTTTAGTG 
AAGTTCCTTA TGTATATTTA ^GAAAGCC Jj^AGAATT £ ^ AGTACAAGG c 

ATCTGAACAG AAATACCAAA AT ^TTTCAG AAATGTA^ TTGCTATGGG GAGAAAAGAC 

aStS SSSSS ttcatgtgtg aaaaaaaaaa aaaaaaa 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 332 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE : peptide 

(vii) IMMEDIATE SOURCE : 

(A) LIBRARY: chemokine 

(B) CLONE: 478861 

<xi> SEQUENCE DESCRIPTION : SEQ ID NO:2: 

Met Thr Ser lie He lie Tyr Arc Ser Pro Ala Lys Lys He Asn Val 

Lys Gin He Ala aL Ar, Leu Leu Pro Pro Leu Tyr Ser Leu Val Phe 

Ile Phe Gly Phe val Gly Asn H-t - Val He Leu lie Leu He Asn 

Cys Lys fro Leu Lys Ser M.t - Asp He Tyr Leu Leu Asn Leu Ala 

U e ler Asp Leu Phe Phe Leu Leu T h r Val Pro Phe Tr P Ala His Tyr 

S. Ma Ala Gin Trp Asp Phe Gly Asn Thr Met Cys Gin Leu Leu Thr 

Bly Leu Tyr Phe We Gly Phe Phe Ser Gly He Phe Phe He He Leu 

100 „ , Ala Val Val His Ala Val Phe Ala Leu 

Leu Thr Ile Asp Arg Tyr Leu Ala Val Val ^ 

115 v i Thr Phe Gly Val Val Thr Ser Val lie Thr Trp 

Lys Ala Arg Thr Val Thr Phe Giy va ^ 



180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
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V„ Val Ala Val Ser - Pro Gly XI. U. - - ft 

!t, 150 _ . u ;= PhP His Thr Leu 



175 



Gin Lys Glu Gly Leu His Tyr Thr Cy: . 

165 , va i Leu Pro Leu Leu Val Met Val U 

Lvs He Val He Leu Gly Leu Val Leu Pro L igQ 

18" J!« Leu Arg Cys Arg Asn Glu Lys 

r ::::::: sr. i - - 
= s —~ ^r:::::s;::::::;3 

G " Glu Ehe Phe Gly Leu Asn Asn Cys Ser , 

i n Ala M e t Gin IS Thr - Thr Leu Sly H* m «. g. - «• 

Asn Pro He SS ^ Ala Phe Val Git Glu Lys Phe Arg Asn Tyr Leu 

27 5 f,° Rla Lys Arg Phe Cys Lys Cys Cys 
Leu Val Phe Phe Gin Lys His lie mi 

290 „ Gin Glu Ma Pro Glu Arg Ala Ser Ser Val Tyr Thr 

Ser lie Phe Gin Gin Glu Ala r J15 

305 , ,m , rin Glu lie Ser Val Gly Leu 

Arg ser Thr Gly Glu Gin GU ^ 

(2 ) INFORMATION FOR SEQ ID NO -.3: 
(il SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 1316 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY : linear 
(ii) MOLECULE TYPE: cONA 

(Vii) IMMEDIATE SOURCE: 

(A) LIBRARY: chemokine 

(B) CLONE: 442279 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TGGGGCGGGT ACACCCACCA GGGGAATCAA CAGTGGTTTC TCGTGCC^ 
£££££ SCCCCTGC AGGAGCTCAG COCAGTGGGC 



TGGGGCGGGT AGAGCCACCA GTCCGGGGCC ATTCCCACAb ^^.^ 

mmmmmm 

mmMmmwB 



60 
120 
180 
240 
300 
360 
420 
4 80 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
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1080 
1140 



"GTGTTCACAT CACTAAACTC ATCGCCACCA COCACTGCTG CATCAACCCT CTCCTGTATG 

= ESSE 3£g£ igi £SS3S i§8 

SSgSS = JSSSSSJS I^aS aIa^aaaaaa aaaaaa 

(2) INFORMATION FOB SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 341 amino acids 
(B> TYPE : amino acid 

(C> STRANDEDNESS: single 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(vii) IMMEDIATE SOURCE: 
(At LIBRARY: chemokine 
(B) CLONE: 442279 

<xi) SEQUENCE DESCRIPTION: SEO ID NO: 4: 

Met Ala Asn Tyr Thr Leu Ala Pro Glu Asp Glu Tyr Asp Val Leu He 

G \u Gly Glu Leu Glu Ser Asp Glu Ala Glu Gin Cys Asp Lys Tyr Asp 

Ala Gin Ala Leu Ser Ala Gin Leu Val Pro Ser Leu Cys Ser Ala Val 

Phe Val lie Gly Val Leu Asp Asn Leu Leu Val Val Lou lie Leu Val 

Lys Tyr Lys Gly Leu Lys Arg Val Glu Asn lie Tyr Leu Leu Asn Leu 

Ala val Ser Asn Leu Cys Phe Leu Leu Thr Leu Pro Phe Trp Ala His 

Ala Gly Gly Asp Pro Met Cys Lys lie Leu He Gly Leu Tyr Xaa Leu 

Gly Leu Tyr HI Glu Thr Xaa Phe Asn Cys Leu Leu Thr Val Gin Arg 

Tyr Leu Val Phe Leu Hi, Lys Gly Asn Phe Phe Ser ftta Arg Arg Arg 

val Pro cys Gly lie He Thr Ser Val Leu Ala Tr P Val Thr Ala lie 



Leu Ala Thr Leu Pro Glu Tyr Val Val Tyr Lys Pro Gin Met Glu Asp 

Gin Lys Tyr Lys Cys Ala Phe Ser Arg Thr Pro Phe Leu Pro Ala Asp 

Glu Thr Phe Trp Lys His Phe Leu Thr Leu Lys Met Asn He Ser Val 

.gc 200 ^3 

Leu val Leu Pro Leu Phe lie Phe Thr Phe Leu Tyr Val Gin Met Arg 

Lys Thr Leu Arg Phe Arg Glu Gin Arg Tyr Ser Leu Phe Lys Leu Val 
-i- 230 2 " 

Phe Ala lie Met Val Val Phe Leu Leu Met Trp Ala Pro Tyr Asn He 

245 250 " 3 

Ala Phe Phe Leu Ser Thr Phe Lys Glu His Phe Ser Leu Ser Asp Cys 

Lys Ser Ser Tyr Asn Leu Asp Lys Ser Val His He Thr Lys Leu He 

?75 280 * £0 - > 

Ala Thr Thr His Cys Cys He Asn Pro Leu Leu Tyr Ala Phe Leu Asp 
290 295 300 
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01y „, - ». t S - «■ «■ s; 5 " | : 
d gjiS^ — s:— -s"- 

Glu Pro Asp His Ser Thr do Val 
340 
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CLAIMS 

1 . A purified polynucleotide comprising a nucleic acid sequence encoding the polypeptide 
having the sequence as depicted in SEQ ID NO:2. 

2. The polynucleotide of Claim 1 wherein the polynucleotide sequence comprises SEQ ID 
NO:l. 

3 . The purified polynucleotide of Claim 1 wherein said polypeptide has isoleucine at residue 
121. 

4. An antisense molecule comprising the complement of the polynucleotide of Claim 2 or a 
portion thereof. 

5. An expression vector comprising the polynucleotide of Claim 1 . 

6. A host cell transformed with the expression vector of Claim 5. 

7. A diagnostic composition for the detection of mmlr-ccr polynucleotide sequences 
comprising the polynucleotide of Claim 1 , or a fragment thereof. 

8. A purified polypeptide comprising the amino acid sequence as depicted in SEQ ID NO:2. 

9. The purified polypeptide of Claim 8 having isoleucine at amino acid residue 121. 

10. An antibody specific for the polypeptide of Claim 8. 

11. A method for producing MMLR-CCR polypeptide having the amino acid sequence as 
depicted in SEQ ID NO:2, said method comprising the steps of: 

a) culturing the host cell of Claim 6 under conditions suitable for the expression of said 
polypeptide; and 

b) recovering said polypeptide from the host cell culture. 

12. A method of screening a plurality of compounds for specific binding affinity with the 
polypeptide of Claim 8 or a portion thereof comprising the steps of: 

a) providing a plurality of compounds; 

b) combining the polypeptide of Claim 8 with each of a plurality of compounds for a 
time sufficient to allow binding under suitable conditions; and 

c) detecting binding of said polypeptide of Claim 8 to each of the plurality of 
compounds, thereby identifying the compounds which specifically bind said polypeptide of 
Claim 7. 

13. A diagnostic composition for the identification of MMLR-CCR polypeptide sequences 
comprising the antibody of Claim 10. 

14. A method for inhibiting the expression of MMLR-CCR in a cell comprising 
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15 The method of Claim 14 where said cell is iojdm. 

16 . A purified polynucleotide comprising a nucleic acid sequence encodin B the polypept.de 
having the sequence as depicted in SEQ ID NO:4. 

H. The po.ynuc.eotide of C.aim 1 6 wherein the po.ynuc.eot.de sequence compr.ses SEQ ID 



30 



^ Anant.sensemo.ecu.e comprising the comp.ement of the po.ynuc.eot.de of Cairn ,6 or a 
portion thereof. 

,9. An expression vector comprising the polynucleotide of Claim 16. 

20 A host cell transformed with the expression vector of Cla.m 19. 

21 Adiagnosticcompositionforthedetectionofmphg-ccrpo.ynuc.cot.desequences 

comprising the polynucleotide of Claim ,6, or a fragment thereof. 

22 . A purified po«ype P tide comprising the amino acid sequence as depicted m SEQ ID NO.4. 
23 An antibody specific for the polypeptide of Clam. 22. 

24 . AmethodforproducingMPHG-CCRpCypcptidchavingtheamtnoacdsequenceas 
deoicted in SEQ ID NO:4, said method comprising the steps of: 

polypeptide; and 

b) p roviding a plurality of compounds; 

. -a „rruim 21 with each of a plurality of compounds for a 
b) combining the polypeptide of Claim 2 1 witn 

time sufficient to a.low binding under suitable conditions: and 

., detecting b indin e ofsaidpo, yP e P tideofC,aim2, to each of the p.urahty of 
compounds, thereby identifying the compounds which specifical.y hind said po.ypept.de of 

^diagnostic composition for the identify 

comprising the antibody of Claim 23. CR jn a cdl cornprisin g administering 

27 A method for inhibiting the express.on of MPHG CCK 
an effective amount of the antisense molecu.e of C.aim 18 to said cel.. 
28. The method of Claim 27 where said cell is irudyfi. 
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